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(54) Multi-electrode electrostatic chuck 

(57) A midf-electrode electrostatic chuck (20) Ibr 
holding a substrate (42) such as a silicon waler during 
processing is described. The electrostatic chuck (20) 
comprises (i) a first electrode (22). (ii) a second elec- 
trode (24), and Oil) an insulator (26) having a lower por- 
tion (26a). a middle portion (26b) and an upper portion 
(26c). The lower portion (26a) of the insulator (26) is 
below tile first electrode P2) and has a bottom surface 
(28) suitable for resting ttie chuck (20) on a support (44) 
in a process chamber (41). The middle portion (26b) of 
the insulator (26) lies between ttie first and second elec- 
tiodes (22), (24). The upper portion (26c) of tiie insula- 
tor (26) is on the second electrode CM), and has a top 
surface (30) suitable for holcBng a substrate (42). The 
first and second electrodes (22, 24) can have a unipolar 
or bipolar configurations. In operatfon. the chuck CZO) is 
placed on a support (44) in a process chamber (41) so 
ttiat the bottom surface (28) of ttie chuck (20) rests on 
ttie support (44). A substrate (42) is placed on the lop 
surface (30) of ttie chuck (20). When ttie firct electrode 
(22) of ttie chuck pO) is electrically biased witti respect 
to ttie support (44). a first electrostatic ibrce holds ttie 
chuck(20)ontottiesupport(44). When ttie second elec- 
trode (24) of ttie chuck (20) is electrically biased with 
respect to ttie subsfc-ate (42) placed on ttie chuck (20). 
a second eledrostatic force. hoWs ttie substrate (42) to 
the chuck (20). 
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Description 

~mis invention relates to an electrostatic chuck for 
holding substrates, such as semiconductor wafers on a 
substrate In a process chant)er. s 

In the semiconductor industry, electrostatic chucks 
are used to hold substrates on supports during process- 
ing of the substrate. A typical electrostatic chuck com- 
prises a base, an electrically insulative layer on the base, 
and a single electrode embedded in the electrically insu- 10 
lative layer. During its use, the chuck is secured to a sup- 
port in a process chamber, and a substrate is placed on 
the chuck. The electrode in the chuck is electrically 
biased with respect to the substrate by an dectrical Volt- 
age source. Opposing electrostatic charge accumulates is 
In the electrode of the chuck and in the substrate, the 
insulative layer precluding flow of charge therebetween. 
The electrostatic force resulting from the accumulation 
of electrostatic charge hokis the substrate to the chuck 
during processing of the substrate. 20 

Electrostatic chucks are generally described in, for 
example. U.S. Patent No. 4.184.188. to Briglia; U.S. Pat- 
ent No. 4,399.016, to Tsukuda; U.S. Patent No. 
4.384.918. to Abe; U.S. Patent No. 08/189,562. (US pat- 
ent application - copy enclosed). "Electrostatic Chuck" 25 
by Shamouilian. et al., filed on January 31, 1994; and in 
"Electrostatic Force and Absorption Cunent of Alumina 
Electrostatic Chuck." by Watanabe, et al.. Japanese 
Journal of Applied Physics. 31 (1992) pages 2145-2150 
- all of which are incorporated herein k>y reference. 30 

Conventional methods to secure an electrostatic 
chuck to a support in a process chamber include the use 
of screws, clamps, and adhesive bonding layers. How- 
ever, conventional securing methods have several dis- 
advantages. First, screws and clamps do not allow tor 35 
qukk replacement of the chuck. Typically, electrostatic 
chucks require frequent replacement when used in cor- 
rosive processing environments, such as environments 
containing plasmas of oxygen, chlorine and fluorine, 
because the electrode and insulative layer on the chuck 40 
conode in the corrosive environments. When the chuck 
is screwed or clamped onto the support, the chuck can- 
not be removed or replaced qiAcMy 

Furthermore, the screws and clamps used to secure 
the chuck oon'ode in the corrosive environments, further 45 
hampering quick replacement of the chuck. The cor- 
roded components also form contaminant particulates 
which deposit upon and contaminate the substrate. Such 
contamination is often not discovered until the substrate 
is fully processed, and worth more than $50,000. result- so 
ing in lower yields and higher processing costs. 

Another problem with the use of clamps or screws 
to secure the chuck to the support is that the clamps and 
screws often cause the chuck to non-uniformly contact 
the support due to the uneven pressure applied by the ss 
screws and clamps. Non-uniform contact at the chuck- 
support interface hinders the transfer of heat through the 
interlace, causing the substrate on the chuck to become 
excessively hot. during processing of the substrate. 



Thus, there Is a need for a securing system or appa- 
ratus for holding a chuck to a support which allows for 
quick Installation and removal of the chucK good heat 
transfer between the chuck and the support and virhich 
minimizes formation of con-osive contaminants which 
can deposit on the substrate. 

It is an object of the present invention to overcome 
the above mentioned problems and to satisfy these 
needs. 

This object is solved by the electronic chuck accord- 
ing to independent claims 1. 19 and 20. the process 
chamber according to independent claim 25, the method 
of using a muHi-electrode chuck according to independ- 
ent daim 26. and the method for removing a chuck 
according to independent claim 29. Further advanta- 
geous features, aspeds and details of the invention are 
evident from the dependent claims, the description, and 
tile drawings. The claims are intended to be understood 
as a first non-limiting appn>ach of defining the invention 
In general terms. 

The invention provides an electrostatic chuck for 
holding substrates on a support In a process chamber, 
tiie chuck comprising at least a first electrode for electri- 
cally holding tiie chuck on the support and at least a sec- 
ond electrode for electrostatically holding tiie chuck on 
tiie support. 

According to one aspect of the Invention the electro- 
static chuck comprises (a) first and second electrodes, 
and (b) an insulator having a tower portion, a mkldle por- 
tion and an upper portion. The lower portion of the Insu- 
lator is below the first electrode, and has a t>ottom 
surface suitable for resting the chuck on a support in a 
process chamber. The mkkJIe portion of the Insulator lies 
between tiie first and second electrodes. The upper por- 
tion of tiie insulator is on tiie second electrode, and has 
a top surface suitable for holding a sid^stifate. 

In operation, tiie electi'ostatic chuck is placed on a 
support in a process chamber so that tiie bottom surface 
of tiie chuck rests on the support. A sul:)strate is placed 
on the top surface of tiie chuck. When a first voltage Is 
applied to tiie first electrode, a first electrostatic force 
holds tiie chuck onto the support When a second elec- 
trode voltage is applied to tiie second electrode, a sec- 
ond electrostatic force holds ttie substrate to the chuck. 

Preferably at least one surface of ttie insulator, 
namely eitiier tiie bottom surface or the top surface, or 
both surfaces, have spaced apart grooves tiierein. The 
grooves are sized and distributed for holding a coolant 
for cooling ttie substrate placed on the chuck. 

Typically tiie substrate is disk shaped, and tiius, typ- 
ically tiie chuck has a right cylindrical shape. Typically, 
tiie first and second electrodes of tiie chuck are planar, 
and more typically disk shaped. The first and second 
electrodes can be unipolar electrodes or can be bipolar 
electrodes. 

According to a further aspect, the invention provides 
an electrostatic chuck for holding a substrate on a sup- 
port in a process chamber, tiie chuck comprising: 



35 



40 



45 



so 



EP0692 814A1 



(a) an insulator having spaced apart first and sec- 
orilelectrodesenibedded therein, theinsu^ 
ing a bottom surface suitat)le for reshng on ttie 
support of the process channber. and a top surface 
suMAe for holding a substrate thereon; and s 

(b) disengageaWe electrical connectors electricaJly 
ionnect^ to the first and second el«*odes .n the 
insulator, for connecting the electrodes to voltage 
sources, ,0 

wherein, when the chuck is placed on a support 
in a process chamber, and the first electrode-s e^ 
cally biased with respect to the supportaf .rsl dectro- 
steticforceholdsthechuckontothesuppor1.and 

wherein, when a substrate is placed on the top is 

surface of the chuck, and the second^ode |se^ 

SUlly biased with respect to the ^^^'J^ ^ 
electrostetic force holds the substratetothechu*. 

^xotdingtoastiBfurtheraspecttheinventonpro- 
videstSdly^emountaMeelecirosteticchuckforuse 20 
SsourTesofvoltageforhoWingasubstrateonasup- 
port in a process chamber, the chuck comprising: 

. a)aninsulatorhavingafiistsurfaceadaptedtosup- 
pi^t a substrate thereon, and a geneijly-opposed 26 
second surface adapted to be received on the sup- 
port in the process chamber. 
b) spaced apart first and second electrode struc- 
tures in the insulator; and ^ u.^ ««♦ «i 
rtelectricalconnectorsadaptedtoconneclthefiisl so 

and second electrode structures to voltage sources 
so as to electrically bias the first electrode structure 
with respect to the support to generate a 
t««ta1icforceholdingthechucktothesuF^^^ 
soastoelectricallybiasthesecondeleclrodesfruc 

ture with respect to a substrate ov^lying the <^«^ 
togenerateasecondeleclrostatic force holding the 

substrate to the chuck, 
whereby the chuck can be rapidly demounted 40 

*™^irinaS»r aspect, the invention providesaproc- 
ess chamber for processing a substrate, the process 
chamber comprising: ^ 

(a) a support having an electrically conductive por- 
tion; and 

(b) a chuck on the support, the chuck havii^ a firrt 
llUtrode for electrostatically hoWng the cj^ 
the support, and a second electrode for electrostal- so 
ically holding a substrate to the chuck. 

In still another aspect the invention provides a 
melhodofusingamulti-electrodechuckcompnsingthe ^ 

steps of: 

(a) pfacing the multi-electrode chuck of claim 1 on a 
support in a process chamber; 

(b) placing a substrate on the chuck; 



(c) applying a first voltage to the first electrode to 
generaleafirsteleclrostetic force between theelec- 
frode and the support, that holds the chuck onto the 
support, and 

(d) applying a second voltage to the second dec- 
Ute to generate a second electrostajc force 
between the electrode and the substrate, that holds 

the substrate to the chuck. 

According to another further aspect, the invention 
provWesamethodforremovingachuckelectr^ahc^ 
^red to a support in a process chamber ttie dj«k 
having an electrode therein, and the support haying^ 
electrically conductive portion, the chuck being elertro- 
statically secured to ttie support by an electrical voltage 

applied to ttie electrode in the chuck, the mettiod com- 
prfeing the step of deactivating the electncal voltage 
aoDlied to ttie electrode in the chuck. 

These and other features, aspects, and advantage 
of ttie present invention will become better understood 
witti regard to ttie fdtowing description, appended 
claims, and accompanying drawings, where: 



Figure 1 is a side elevational schematic view, partly 
in cross-section, of a processing chamber cortain- 
ing an electrostatic chuck of tiie present Invenhari: 
Figure 2a is a cross-sectional side elevational sche- 
matic view of anottier version of tiie electrostatic 
chuck of tine present invention; 
Figure 2b is a cross-sectfon side elevation sche- 
matic view of anottier version of the electt-J^ 
chuckof ttie present invention showing bipolar elec- 
trodes in ttie insulator. ^tL,^ 
Rgure 3 is a top plan view of ttie top surface of ttie 
chuckof Figure 2; ^ , ^. 

Figure 4a is a partial cross-seeltonal. side elevation, 
schematic view of ttie chuck of Figure 2; 
Figure 4b is a partially cross-sectional, side eleva- 
tion, schematic view of anottier embodiment of ttie 
chuckof Figure 2. 

Witti reference to Figure 2. an electrostatic chuck20. 

according to ttie present invention, generally oompris^ 

SJTf irstllectiode 22. Oi) a second ^^^^^ 
an insulator 26. The insutator 26 hasatovwrport^^ 

betow the first electtode 22. a middle portion 26b 
between ttie f irst and second eleclrod^^ 24^ and ar, 
upperportion26conttiesecondelectrode24.TJechuck 

20alsohas a bottom surface 28 and a top s" J«»30 . 

With reference to Figure 1. operation of *e chuck 

20 of ttie present invention will now. be described. The 

version of ttie chuck shown in Rgure 1. has a unipotar 

first electtode 22, however, the chuck can 
priseabipolarelectrode22a.22basshowninFigjKe2b, 

such as for example ttie bipofar electtode chucte d.s- 
SSed in U.S. Patent Nos. 4.184.188 to Br«lia: 
4.384.918to Abe; and Tsukada etal.. - all of whteh are 

irworporated herein by reference. 
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i eh™«satvDical apparatus 40 comprisinga 
Figure 1 he used to process a 

process chamber 41. wafeflhe part^ 

embodiment of the aP»^"?^,^„.es 42. and is pro- 
WeforplasmaprocessBigrfsutetrates^z^ 

vided to illustrate oP^f °"jL*l*^ofthe 
apparatus.40shouldnotbeus^tojm^^^^ ^ 

*^ ^«.his40Qenerailycomprises(Oasupport 

(iv) an external ^^^jT^ft^piasma processing of 
„hentheappar^s«)«i^*^P ^ 
tt,e substrate 42. Jie procej ff^ g,^. 

prises an ^^"^^J^f^^fs^ *». for 
trical circuit 52 supplies ""^ P°*^rt4* a^the elec- 

fo^-^^S ^•'^Ti'So fn^on aLrth electri- 
trically grounded surfawMMnaflOTo . ^ 

cal circuit (not shown) "^pj^ 44 with 

voltage to the support "^^^/eSbed below, 
respect to the first electrode 22 as 

42 to maintain the substrate 4zai a 
toffe.aooolant«)ur<»Mis^^ 

portion, which can 
comprises an eleclrica^^uow ^ ^^^g.^ 

h^clionasaprocesse^^rodetorp^ H 

tt« apparatus 40. ^^'J ^^.^e^J, electrically 
portion of the ajPPO'! '^"Sa^ie. aluminum, cop- 
conductive "^-"^Zl^^m^^^- ^« 

per. nickel, chromium. ^^^T^^ ^nd shaped to 

port44hasanW«sur^«^^ 
hold1heelectroslatcchuck20_Tr.e W 

be substantially flat, or 'T^^Stoholdcool- 
6hown).the9roovesspacedapartancl6izea 

antfbr-coolingthe ch"*^- ^ the firet and second 
'^^^^'irrrel^Z^'^^SS^ically con- 
electrodes 22. 24 *r circuits 46. 48. 
nected to the first and s^ffS^,,y connects 
respectively. ^J^^J^^J^s^ii^e^o^i 

V^rrc^^^^^'^t^^TOb electrically con- 
circuit 46. and second electrical 

2®- ^ ...Krfrate 42 the Chuck 20 is placed 

Toproce^Jie sub^j42^ surface 28 of the 
on the support 44. so ^^atw®^ gO of the support 

from the process gas. ^ the first 

'''r'%«Sril^^^Scircuit52 



fr^,rcuit46tothefi^e,e^c.e^-rl«U^^ 

tion with the electrical «;^9;^^7j,^circuit (not . 
electrical circuit 52 and option^*eto^^ 

shown) to the support 44. to V*^e 22 and 

.nanaltractiveetejc^j^,^^^^ 
20 to the support 44. The ^fcw^ replacement of 
„ isadvantageousbecai^rta^to^q^^^^^ 

*e chuck 20. m^^l^J«^^JJ^^„3,on of 
cuits. Alsa the chuck •'•"tecorrt^n^ components 

« -r«*s.ate42.^^^^^^^^ 

-s«tr£up^^^^^^^^ 

to the electrically gound«l«iiface M 

40.sothatcharga^pl»^f^f^7^edsp. 
and impinge ^^^2 work in conjunction 

des impinging on the 8i*»^®2:r,h6 second elec- 
^ the electrk^al v^*«9« ^P^'^^Stoaccu- 
trode 24. to cause opposirj etortro^ 

2S mUatelnthesubstrerte^a^^^^^ 

26. adjacent ^J^^ cS^ulls in an electro- 

the substrate 42. .^:«.| rircuits 46. 48 vary 

Tr,e first and sec«j^ ele*^« c^^ 
accoidingtothesizedtheclwckOT^m 

24. arxlthesubsttate42j^^arcu^^ 
35 asasufficienteleclncalvcjage^^^^^^ 

frode22and1hesecondete<*radeM^ ^^^^^ 
20to1hecalhode14 andtol^dthe^^ ^ 

ar^iO. respectively. source. 

frical circuit 46. 48 "-^"^^^to a S vo^ge rea- 
« i.e..1000to3000vo«sc2n^^ 

dout. through a 10 M f,;^.^ ' thoughthecircuit.and 



„ TtiethirdvoHagesourceMi«.o«..-. ^ _ 
M Flaw. 1. A1oo*«mge«w«»^^ 

trodes. as shown in ^T^J^JT^es so that the pair 
each electrode of the^^ete^^^^^ 

of electrodes are "T^^^ accumul^ of 
bipolar electrode configurabons allows a«« 
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Of any saews or clamps^ ^ ^ 

cussed in detail, ^^f^!^^ 
andsizecorrespond.ngtoti»s^nd«^^^^^^^ 

substrate 42 is disk shaped. ^'^J^S'c^jpdrical chuck 

chuck20ispre1erred Typic^jy^^^^^ 

20 has a <^'rrH2.SSSre^e«r«chistyp- 
mm. to match lhed«n^«^^^^ 

five element, which is '"^""SSfiSLSof Figures 2 
features. ^^,Z^:^f^T,1^rX^P^r^ 
and 3. When the 

comprise a bipolar conventional bipo- 

lar ele<*ode 22a 22b com g^^^^ ^.^^ 
as for example, the bipolar co™ « .3 ^yje- and 



SS^acSmulateintheunderJj^ng^P^rt^^ 

« ^^^^ 

^^.^rtn 9fia havina a bottom suncii/e v / 
« spsosd apart «'^rj^«^^ji« 

«,icta,e8S0f eachport^26a^26^^^ ^ 

. lator26.varya<^2-^StiSleryusedtoform 
dielectric cor^ot*e^^ 
ttie insulator 26. As*®."^^^^^ proportionalely 
^ Hal increases. *ereq.r^^^^^^^ 

fivity ranging ^bout 2. and more prefer- 

dielectric '2'^"^!' J^^Salive material hasa 
?S.2SSrtofS*5.asuHal.e thickness tar 
^ aelecinc con^"' ^ ^ from about nm» to 

^C;m^:nd'r:i.^c.ly*«n^ut25^to 

five material material. Typi- 

55 flow of electrons th««gh*e.^^ 
cally.whenapol|^^e.sus^asthe^ 
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polyethylene sMicone. and rifcber. 

ance to ^^-^^'^L^i^lSTand aluminum nitride are 
«rconiumboride.bo^-J«^^^«^^ ^ tt,ermal 
preferred became ^^^j^^'^perties. and can wrth- 
conductivity. good '"^f^X*ly*e f iller material is 
^ndhigf^tenpera^r^^P^^^^^lessthanabout 
a pov«Jer v»ith dispersed in the insu- 

10 nm. and P^^^^^^^Zitf^ about 10% to 
tetive material in a.^°"'^^''^Ji2o%to50%. 
80%. and '^'f^'yPlS'iJrcSS^ (Sshown)canbe 

Additionally.ap.2S«jt^,^„26toprolecl 
applied on1hetopsurface30dthe^«i^ ^ 

S insulator 26 from '^^^^^omBCtts. 

STuckaOis used in ^'TJ^^Ze^^t^^^ 
Preferredprotediveoo^^^a^^^^ ^.S. 

rication are d«cr*^' J "J^ 0?8 iled on Febmary 22. 
Patent Application ^ 0«»K.^^^^^ ^^^^^q, 

^9&i.^^'^^^f^llfsiiP^K^ USED IN 
TRIG MATERIAL WAFER 5Ur^ APPARATUS 

INTEGRATED ^'BCUrT PJ^^^^^^ 
AND l^ETHOD ^F^S^L^n by reference, and which 

a»..vrt«chisirK»aj)rat^'^^"2^^ 
,secMvalenttoEP0635jB69^^ 

The chu*20 also «>'^P^'^nd electrodes 
nectors 70a. ^^^^^JS^^-^ 
22. 24 to «^«i'^,^,XSS^SSmectors 70a. 7t)b 
respectively. The first and sMona connection 
Inprise ^^^T^^^"^ connectors 

device. For ^'^^^X o<y'^'^^'^- 
TOa. 70b can r^";^^SSnnectors7^^ 

P^«'^*tH?to^oi^u'* installation arid 
are d'sengageaWe to a^i^ ^^^^^rfiguralionsof 
replacement of thechudKM^ ^^^^84. 
disengageablec«in^<xs«de^ ^ ^ ^ ,„ 
86. in the chuck 20. as show" J" V^to, .^^ 
Leconfl9ura.ions.tf^^^<2J^^^^ ^ and 
rigid conductive ■"^'^^oa' »u 
extending ^'^T^J' J^^'Snductive members 
trodes 22. 24. A P«'\f^*Sedlto the first and sec- 
923. 92b are electr|caHy ^""^^^^edonthesup. 
ond electrical circurts46.48a^^^ ^^^^ 

port 44. The resilient mer^^ ^ ectively 
aligned with the f irst connectors 70a. 7W. 



^«.*e*ud<20ispo^i-««on«je^^ 
rigidconductwemernbere9W.»u 1^ 

trodes 22. 24. respechvely. 
compriseastudorr(X^.TIwtongjn 

--resilie..r.^-^^^ 

electrically <»ndt«t«e^ envi«>nments. Suitable 
rosion in plasma P^^^ ^ aummm 
materials include "^"^ „?f^- example, the resil- 
^ alk^^orpho^rous*^^^-^,^^ 

lent members «J^^n ^ .^ed. con- 
shown in Figure 4a. micro-springs 

tact pads 94a. 94b are P^^^r^^^JLings 92a. 92b 
tsSurelyd^jcallyo^nr^S^^^^ 

springs are l«sthanaM««^ ^^t,es„e. 

the springs. ,,^-a«on Ibr the resilient conduc- 
AnaltemativeconhguratoW 

menders 92a. 92b^ ^^^^ 

92a. 92bcompr.se tobtetote96a9^^ ^^^^ 
tirstfixedport.ons9te.WbnwurTOa ^^^^^ 

and second extended r';embers90a.90b. 

3ecurelyelectn^<y^<=»*^^j2^^^ eledrostatte 

^"^t '^oSLeSlk.n.isdescribed 
chuck20 according tothepresemmvB 

. « rhuA 20 shown in Figure 2a 
,n the version of the ^'^IZ.^e upper elec- 
and2b.firstelecl.ode22«*.d«^*aj^^^^^^ 

trode 2 and serves «s a^ S^^rplate. cut into a 
electrode 22 is madef^^ an akmmp^^^ 

rHjhtcylindricalshapejjntti^^^^ (5 - 8 

mils) 1.2 - 2-5 ^Th,Smandtopsurfaces28. 
inches) 1 27 - 203 mm . ^^^^^Z conventional 
30dthealumimmplate^effc«^ 

aluminum grinding Surfacegrind- 
nessof theplateelessthanabouti^^ bottom and top 

ing of the ^J^'^Za^^^^^es^sp- 
surfaces28 30of tt^etoun^^ This allows 
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^Sctrostatic Chuck." by Shamou.l.arK ^^.^^^^ 
M PreferaWv the nsulatve material k spin 
^'^S.^TonetSof the electrode 24 and cured by 
coated onto one aoe w u process 

heating to a '^^l^J^^^^A-menii^e 

**^!£f^epoftheelectroplatingprocess.achro- 

4,022.947; US. MertNa 4^.=^ „^ 

u , Ir«t<Sri^byDuPonlde Nemours Chemwal 
£°r:^SJ^S^e/,sapp.iedover,hech«^^ 

Liredconfigurationiorthesecondel^^ 
Led second electrode 24 pattern IS shown in Figure 

the electroplating step. .peigi^ted layer is 



nor to a thickness of about 10 m Con>/entional copp^ 

• 4^1rtaijes. such as those utilizing an oxygen 

ia^etT and' ^^^^^^ ^ 
l«Tlanofvyhich are incorporated herein by 

Fujimuia. et al. " L etch the remnant resist 

teiS^awetchemicaletchingsleRSUChaslv 
!^ZS«fte*uck20 in a solution of sodium persul- 
r XXirnmersion In a sdution of potassium 

« '''TaSivemethodoflormingapatternedupp^ 

induding e^oplating ^^^^^31^^ 00 
30 vapor dep^^tec^^*^^ ^^^^ 

SS^ abwe- and (iii) etching the portions of themelal 

Patent Na 5.200.032. to Sh'noha«. US. P«ert No 
coi<;fii9 to Cheng, et al.; and U.b. raieni 
IS' tJ^K^on^ra. et al. - all of which are mcor^ 

oVdrv etching methods described above, 
^ewer portion 26c of the insulator 26 « tt«n 

SS^l^nto ihe Channels between the fea^r^ 

to W'C. AsurtaWethicknessfatheinajabvela^26a 
Sngthesecondelectrode24.sabout50,m,. 
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flat disk Shape. ^^^f^J^^^Q in the pdyimide 
20 shown in Figure ^ J^^^^^^g a^ernSresist 
layer 26C can be tont,edtv(0fern^"9a^ ,^^^ 
layer on the milat^ U^^^^^^ ^ 

resist Pa««"""9^;Sefe^^ed insutelive layer 
etching grooves 80 ^^^^^^ suitable plasma 
26C using a plasma «'*^v^«i i". 
etching proc^^e9?^';'g^,elal..an^ 

Patent No. ^•^^'^'^^•^r^Laaurm. remnantreslst 
hereinby referent. Aft^te^-^^^^S-^^^ ^ 

°" *lS^aTprSy dicribed. Plasma ^ 
etching method, as Pf^°^y 80 formed 

ing can also be used ^^^^.bed above. 

s^^rthtsr^^jrr^-^ 

^nrrr." ectrodesaa .^^^^^^ 

to provide apertur^ jor ..^on f lo« o« 

coolant gas to Ihe 9"?'^^^ ^ ,irst hole 84 is 
etched through the erjre <^^^ ^gc to 
etched through ""^'^^^ hole 86 is 

the first ^f^^^f^fttjJT^i^SSSe layer 26c. 
r ^iSiXSl^ *Sre layer 26b. until 
tt,e lo«er f^o^f J" ^^ed. Preferably, the por- 

ess. such as those fl^ f^^^ No. 
NO. 5.221.426. ^'f^^l\236:2a&.^'N^- 

house: and U.S incorporated herein 

*° TL";? p1e;;rS-?tS^S^nsofthehdes84and 
by reference. ^^^^^JZ^^ layer are etched using 

shape and size suitable ^^^^ 24tothecircuH8 
86 andfor connecting the electrodeszz. ^iw 

ricationofthechuck20. 



versions, many other vereiof » ^ 
of*e preferred versions contained herein. 
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Claims 

!«0ooaswort(44)lnaproM«cl«*«(«). 

statically holding the substrate to the chuck (20). 

9 -me chuck of daim 1 . further comprising: 

Il;!nSr(26)havingalo«erportion(26a)belo« 

«ie first electrode (22). u.»««i-nd second 
amiddleportion(26b) between thefiist and seoona 

electrodes (22^). ^j^^e second electrode 
and an upper porton (26C} on me 

(24). 
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4. Thechu*acco,dingtoanyd*e^pr^^ 
«hereinafir6lvoltageisapp^^edto*efj«eWOTo^ 
(22)tohoklthechuckortolhesupport(44)byafiist 

electroslaJic force. 
(20) by a second electrostatic force. 

substrate (42) on the chuck (20). 

has a resistivity of from aooui lu 
1020 Qcm. 

the first electrode (22) compnses a unipo«i 
trodfr 



9. Thechuckofaiiyoftheprecedingdaims.whe^ 
thefirst elecliode (22) comprisesabipolar electrode 
{22a, ZZb). 

10. Thec*,uckofaivofdaim82lD9.wherein*et^^^ 
nesses of the lower, middle and uff^r 
thelnsulator(26) are each from about 1 toabout 100 



IS 



19. 



11. The chuck of any of the preceding claims. wh««n io 
the chuck (20) has a right cylindrical shape with a 
diameter of from about 100 mm to about 300 mm. 

12. The chuck of any of the preceding claims, wherein 
J;efSandsecondelecUodes(22.24)are8U)Stan- 

tiallypiai«r- 

13 The chuck of any of the preceding claims, wherein 
ti^ first bipolar electrode (22a. 22b) comprises a 
pair of electrodes, and wherein, the first voltage 20 
TOintains the pair of electrodes at opposing electn- 

cal polarities. 

14. The chuck of any of the preceding daims.wrtier^ 

the chuck (20) comprises dteengageaWe electrical » 
ccH.nectorassemblies(70a.70b)fbrelectrK«Ily«)n^ 
necting the first and second electrodes (22 24) to 

the first and second voltage sources (46. 48). 

15 The chuck of daim 14. wherein the dsengageable so 
eSfrfcal connector assen«ies (70a. 70^each 
comprise a rigid electrical connector (90a. 90b) and 
a resilient electrical connector (92a. 92b). 

16. The d,u* of claim 15. where^the ^^^^ ^ 
connector (90a. 90b) is mounted on thedKick 20) 
and is electrically connected to an electrode (^. 
24). and wherein the resilient eledrical connector 
(92a 92b) is mounted on the support (44) in the 
*amber(41)andiselectricallyconnededtoavott- ^ 

age source (46. 48): and wherein when the diu* 
m is placed on the support (44). the rigid corinec- 
tor (90a. 90b) contacts the resifient connector (^. 
92b). thereby electrically connecting the electrode 
(22. 24) to the voltage source (46. 48). ^ 

17. -me diu* of daim 15 or 16. wherein the resiliertt 
eledrical connedor (92a. 92b) comprises a fle»We 
tab (96a. 96b) having a first portion (98a. 98b) 
mounted on the support (44) and eledncaMy con- so 
neded to the voltage source (46. 48). and a secorid 
portion (100a. 100b) adapted to resiliently and elec- 
trically contad the rigid electrical connector (90a. 
90b). 55 

18. -me diu* of claim 15 to 17. wherein the resilient 
electrical connedor (92a. 92b) comprises: 



a) an eledrically conductive spring mounted on 
the support (44) in the chairtjer (41). and 

b) an electrically conductive contad pad (94a. 
g4b) on the spring. 

An eledrostatic chu* especially according to one 
of the preceding daims tor holding a substrate (^) 
on a support (44) in a process chamber (41). the 
chuck (20) comprising: 

a) an insulator (26) having spaced apart, first 
and second eledrodes (22. 24) embedded 
therein, the insulator (26) having a bottom sur- 
face (28) suitable for resting on the support (44) 
of the process diamber (41). and atop surface 
(30) suitable for hdding a substrate (42) ther- 
eon, and 

b) disengageaWe electrical connectors C70a. 
70b) electrically conneded to the f irst and sec- 
ond eledrodes (22. 24) in the insulator (26). for 
conneding the eledrodes to voltage sources 
(46,48). 

wherein. whenthediu*(20) is placed on the 
support (44) in the process chamber (41). and the 
f irst eledrode (27) is electrically biased with re^ 
to the support (44) a first electrostatic force holds 
the chuck (20) onto the support (44). and 

wherein, when the substrate (42) is placed on 
the top surface (30) of the chudt (20). and the sec- 
ond eledrode (24) is eledrically biased with resped 

to the substrate (42). a second electrostatic torce 
hokls the substrate (42) to the chu* (20). 

2a A rtoidly-demountable electrostatic chud<. espe- 
cially according to one of the preceding claims, for 
use with sources of voltage for holding a subsfrate 
. (42) on a support (44) in a process chamber (4i), 
the chuck (20) comprising: 

a) an insulator (26) having a first surface (30) 
adapted to support the substrate (42) thereon, 
and a generally-opposed second suriace (28) 
adapted to be received on the support (44) in 
the process chamber (41): 

b) spaced apart first and second electrode 
stnjdures (22. 24) in the insulator (26);and 

c) eledrical oonnedors (70a. 70b) adapted to 
conned the first and second electrode struc- 
tures (22 24) to voltage sources (46. 48) so as 
to electrically bias the first electrode strudure 
(22) with resped to the support (44) to generate 
a first electrostetic force holding the chud^ (20) 
tothesupport(44), andsoasto eledrically bias 
the second electrode strudure (24) with resped 
to a substrate (42) overlying the diud< (20) to 
generate a second eledrosfatic force holding 
the substrate (42) to the chuck (20). 
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whereby thechuckcanberapidlydeinounted 
from the support (44). 

leasl one pair of electrodes (22a. 22b). 

22 TTie electroslalic chuck of claim 21. in wW* ^ch 
'''?ec*ode(22a.22b)ofthepa.«conn^^^ 

voltage source so as to mairtain fte pair of eiec 

trodes (22a. 22b) at opposite polarities. 
M Theelectroslalicchucko»oneoftheclaims1to22 
'"■JT^ttiSXtelectrodes^^^^ ,^ 

a unitary planar conductive element. 

9A Theelectroslaticchuckofoneoftheclaims20to2 
^' rertCrtonofthesUbslrate(42)whioher^^ 

Srs^Ssurfaoe(28)oftheinsulator(26)«pla- ^ 

nar. 

25. Aprocess chancer for processingasubstrate. the 
process chamber comprising: 

a)asupport(44)hayinganelectricallyconduc- ^ 

S a *S'SS«ding to one of the preceding 
claims 110 24 on the support 

26 Amethodofusingamulti-electrodechuckespeaally so 
to one of cl^ms 1 to 24 compr^ing the 

steps of: 

a) placing the multi-electrode chuck on a sup- 
port in a process chamber; 
woladna a substrate on the chuck: 
c Sg a^lrst voltage to a first electrode of 
t^to generate afirsl eleclrostatcfcj^ 
JS^een the electrode and the support, that 
holds the chuck onto the support, and 
d) applying a second voltage to a se^^ec- 
ttoded^the chuck to generaleaseoondelj^ro^ 

Sc Ibrce between the e'e'ff « *J 
S»bBie. that holds the substrate to the chuck. 

27 Themethodofclaim26.whereinatleastonesu*^ 
of flTe insulator of the chuck has spaced ap^ 
grooves therein, and wherein the "^^^^^ 
Comprises the step of maintaining a coolant in the 
grooves for cooling the chuck. 

to voltage sources using disengageaWe electrical ^ 
connectors. 

29. A method for removing a chu*.esp^»y^- 
mg to one of claims 1 to 24. being elecfro^cajy 
Sured to a support in a process Chamber, the 



chuck having an electrode therein, and *e siw^ 
having an electrically conductive portK)n. *e chuck 
S^eleclrostafically secured to the support by an 
Seal ullage apf^ied to ^^^J^^. 
chuck, the method conpr^jr* *e step d dej^^ 
ingthe electrical voltage applied to the electrode m 

the chuck. 

3a The method of one of claims 26 to 29. wherein *.e 
eStrode in the chuck comprises a unipolar elec 
trode. 

31. -me method of one of claims 26 to f^^J^, 
electrode in the chuck compnses a bipolar elec 

tiode. 

32. Themethodoloneofd^ms26to31^ech^k^^^ 
• ther conprising disengageaWe electncal connec 

m for providing the electrical voltage to the 
electrode in fte chuck. 
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